Abstract. Brain metastasis is an uncommon complication of differentiated thyroid carcinoma. Even more, cerebellar metastases from papillary thyroid carcinoma (PTC) are exceptional. We report a 69-year-old male patient with infiltrative PTC who developed high levels of thyroglobulin (Tg) and deteriorated neurological symptoms four years after the initial diagnosis. Computerized tomography (CT) of the brain demonstrated a cerebellar mass and the patient underwent surgery. Pathology revealed metastasis from PTC. Immunochemistry was positive for Tg. The patient had no other sites of distant metastases. Although PTC has generally a good prognosis, metastases to the cerebellum can occur, even as the first metastatic site, despite the fact that appropriate therapy (surgery, radioactive iodine therapy, TSH suppression therapy, chemotherapy and external radiotherapy) had been given for the primary tumour. We report a patient with PTC who developed a mass in the right cerebellar hemisphere proved to be a metastasis from PTC despite the fact that total thyroidectomy, ablation therapy with radioactive iodine, external radiation therapy and chemotherapy had been given for the primary tumour. It is important to underline that in our patient no other distant metastases could be established. To our knowledge, only in one other case cerebellum was the site of the first and solitary distant metastasis from PTC [7] .
PAPILLARY thyroid carcinoma (PTC) is the most common endocrine malignancy with indolent clinical course and good prognosis. It usually tends to metastasize locally to regional lymph nodes [1] . Distant metastases are rare, more commonly to lungs and bones, and suggest an aggressive disease [2] . Brain metastases are extremely rare, occurring in 0.15-1.3% of all cases of thyroid carcinoma [3, 4] . Brain metastases occur more frequently in the cerebral hemispheres and in most patients the brain is a site for second or subsequent metastases [5] . Cerebellar metastases from PTC are exceptional and only few cases are reported in the literature. Due to the rarity of the disease therapeutic modalities for these cases are not established [1, 6] .
We report a patient with PTC who developed a mass in the right cerebellar hemisphere proved to be a metastasis from PTC despite the fact that total thyroidectomy, ablation therapy with radioactive iodine, external radiation therapy and chemotherapy had been given for the primary tumour. It is important to underline that in our patient no other distant metastases could be established. To our knowledge, only in one other case cerebellum was the site of the first and solitary distant metastasis from PTC [7] .
Case Report
A 69-year-old male patient was referred to our clinic in June 1998 for further evaluation and treatment after a fine needle aspiration cytology of a thyroid nodule suggestive of PTC. The patient had no personal or family history of thyroid disease and no previous history of head and neck irradiation.
When seen in clinic, he was in good general condition. He complained of hoarseness, dyspnea and productive cough of one year's duration. Clinical examination revealed a palpable mass in the central cervical region fixed with the surrounding tissues. Thyroid ultrasonography revealed a solitary nodule of 4 cm with irregular borders located at the isthmus. Thyroid scintiscan ( 99m Tc) showed a central cold nodule and computerized tomography (CT) of the neck demonstrated a mass (4.5 × 3.8 cm) which infiltrated the trachea, without enlarged cervical lymph nodes. Thyroid function tests were normal. Thyroglobulin (Tg) autoantibodies were negative. Bronchoscopy revealed a mass below the level of vocal cords that seemed to push trachea from outside.
Due to these findings total thyroidectomy was performed in June 1998. Because of the infiltration of the trachea, trace of neoplastic tissue was left at the area. On gross examination, the thyroid gland was replaced by whitish and firm tumor sized 5 × 4 × 2 cm with papillary formations. The tumor was clearly invasive with extra thyroidal extension. Microscopically, the thyroid mass revealed a papillary carcinoma with typical architecture and characteristic nuclear features of PTC. Psammoma bodies were seen in the papillary stalk and in the fibrous stroma. Infiltration of the thyroid capsule and extra thyroidal extension into the soft tissues of the neck were confirmed (Fig. 1) .
Postoperatively, thyroid ablation therapy with 100 mCi of radioactive iodine ( 131 I) was given. The whole body scan (WBS) seven days after iodine therapy indicated abnormal uptake at the central cervical region. Serum Tg levels were 29.6 ng/ml off thyroxine and TSH was 60.6 mU/ml (0.4-4 mU/ml). Suppressive thyroxine therapy (175 mg LT4 po daily) was prescribed in order to maintain TSH under 0.1 mU/ml.
Due to the residual disease, infiltration of the trachea and extra thyroidal extension of the disease in the surrounding tissues, the patient received adjuvant chemotherapy with carboplatin and paclitaxel (6 cycles) and cervical and upper mediastinal external radiotherapy with 60 Co (total dose of 40 Gy divided into 20 doses). The patient was kept under close follow-up.
Nine months later, CT of the neck and lung did not indicate any residual or metastatic disease. Serum Tg levels were undetectable on thyroxine therapy. Tg autoantibodies were negative. In June 2000 the patient complained of headaches and numbness of feet and legs. Neurological examination showed normal symmetric reflexes, intact cranial nerves function and absence of meningeal signs. A WBS with 5 mCi 131 I showed decreased uptake at the cervical region, as compared to the post treatment WBS. No additional sites of abnormal 131 I uptake, including lung, bone or head, were seen. Serum Tg levels were 0.5 ng/ml and TSH 58.67 mU/ml on thyroxine withdrawal. CT of the brain was performed without any abnormal findings. Based on the normal neurological examination and negative imaging techniques, a recurrence or metastases of the diseases was excluded. Numbness of feet and legs were not attributed to a specific neurological disease. During the next two years the patient was in good general condition apart from numbness of feet and legs. Serum Tg levels on thyroxine therapy were undetectable.
In June 2002 Tg levels rose up to 3.78 ng/ml on thyroxine while Tg concentration were 185 ng/ml on stopping thyroxine. At the same time, the patient start- ed complaining of dizziness, headaches and unsteady gait. CT of the brain demonstrated a tumor to the right cerebellar hemisphere. At this point CT of the brain which was performed in June 2000, was extensively reevaluated it was found negative for tumor again. The findings of the new CT in association with Tg elevation were suggestive of metastatic disease and because of deteriorating symptoms, the patient underwent craniotomy. Total excision of the mass was impossible because of the size and site of the lesion. Eventually 1.8 × 1.5 cm of neoplastic tissue was excised and the mass proved to be metastatic PTC (Fig. 2) . Postoperatively a WBS with 5 mCi of iodine was performed after stimulation with exogenous recombinant human TSH (Thyrogen 0.9 mg intramuscularly for two consecutive days). No intracranial accumulation was noted. Nevertheless a therapeutic administration of 200 mCi of radioactive iodine ( 131 I) therapy was scheduled. Meanwhile the patient received external cerebellar radiotherapy with 60 Co (total dose of 39 Gy divided in 13 doses) and for 4 months he was in good condition. After this period the neurological symptoms relapsed, the patient was obligate to remain at bed all day and the administration of radioactive iodine ( 131 I) therapy was cancelled. A magnetic resonance imaging (MRI) showed a ring-enhancing lesion to the cerebellum accompanied by surrounding edema and compression of the fourth ventricle (Fig. 3) . The patient was admitted in the local hospital and started on 8 mg dexamethasone im every 8 hours. Despite therapy the patient died one month later.
Discussion
Papillary thyroid carcinoma is the most common type of differentiated thyroid carcinoma (DTC). The prognosis is usually excellent and the reported survival rates for non metastatic lesions are 97.8% at 5 years and 94.9% at 10 years [8] . The presence of distant metastases diminishes the survival rates to 37% and 24% at 5 and 10-year respectively. Lung is the most common site of distant metastases [5] . Brain metastases are uncommon. Few reports have appeared in the literature. Most frequently they were seen in the cerebral hemispheres and usually follow other metastases as lung or bone metastases. However, solitary cerebral metastases with no other evidence of metastatic disease have been reported. Aguiar et al. [9] reviewed the literature and found 75 cases of PTC metastatic to the central nervous system and only 12 cases of solitary brain metastases. In particular, cerebellar metastases from PTC are extremely rare [1, 6] and only four cases are reported in the literature, two in the cerebellar hemisphere [10, 11] and one in the cerebellopontine angle [7] . Carcangiu et al. [12] noted one case of a metastasis in the cerebellopontine angle too, in a retrospective review of 241 cases of PTC, although there were not any details concerning metastatic status of the case. In our case the cerebellar hemisphere was involved and was the only site of distant metastases. To our knowledge, this is the second case of solitary cerebellar metastasis, which is reported in the literature [7] .
In many centers during the follow up of patients with DTC a 131 I WBS and serum Tg in the hypothyroid state are performed in order to estimate the progression of the disease and recognize distant metastases. 131 I scan performed in our patient two years prior to brain metastases revealed no intracranial accumulation. It is reported that metastatic lesions from DTC may be less differentiated than the primary tumor, thus not accumulating radioactive iodine [3] . In such cases, a WBS may not help in establishing the diagnosis. A high serum Tg level may be helpful to identify metastases from DTC. If there is a suspicion of brain metastases, a head CT or MRI should be done and may be conclusive. However, the confirmation of the diagnosis is provided only from histologic examination [7] .
The optimal management of PTC consists of total or near total thyroidectomy and ablation of the thyroid remnant with radioactive iodine. Patients over the age of 45 with residual disease and extra thyroidal extension are more likely to die from their disease than patients without extra thyroidal extension [13] . Ablation therapy with 131 I may not be sufficient to eliminate residual disease. In these patients the use of external radiation may play a role as adjuvant therapy to surgical excision and 131 I. External radiation therapy has been used for the treatment of residual disease or local recurrence and distant metastases in DTC [14] . Philips et al. [15] reported a local relapse rate of 3% for those who received external radiation therapy and 21% for those who did not suggesting an improved local control in a selected group of high risk patients with locally advanced PTC and extra thyroidal extension. The experience with chemotherapy in DTC is small, and probably its value is limited [16] . Combined therapy results in a higher response rate than monotherapy (26% vs 17%) [17] . In our case, the patient was operated and received 100 mCi 131 I. Patient's characteristics at the time of diagnosis (age 69 and a large infiltrative tumor sized 4.5 × 3.8 cm, residual disease, and extra thyroidal local extension) represented unfavorable prognostic factors. For this reason he received chemotherapy and external radiotherapy. None of the initial treatment modalities for the primary thyroid tumor affected the evolution of the disease and the appearance of distant metastases.
There is no clearly defined protocol concerning the management of intracranial metastases from PTC, possibly due to its rarity. The presence of a brain metastasis is a negative prognostic factor and the reported survival is less than a year. Therapy is quite individualized. Treatment of cerebral metastases may induce life-threatening complications such as cerebral edema [18] , or sudden hemorrhage within the cerebral metastases after 131 I therapy [19] . Surgery, external radiotherapy and radioactive iodine therapy have been used with varying results. The best therapeutic option seems to be resection [20] , followed by radioactive iodine therapy [7] . Patients with DTC who underwent resection of one or more foci of brain metastases had longer survival than those who did not [20] . External radiation can be used as an adjunct to surgery. Extensive studies using this approach in brain metastatic disease are not available and the benefit of this approach is not well known. In our case, total surgical resection of the metastatic lesion was not possible. Therefore, external radiation therapy was given, which resulted in improvement of neurological symptoms for some months.
In conclusion, we report the rare case of solitary cerebellar metastasis in a patient with PTC, in whom other distant metastases were not established. The primary tumor was locally advanced at the time of diagnosis. After thyroidectomy and despite adjuvant treatment, the patient developed neurological symptoms and was treated with surgery and radiotherapy. Shrinkage of the metastasis led initially to clinical improvement, but relapse was soon observed, the neurological symptoms got worse and the patient died five years after the initial diagnosis.
